ABSTRACT. Liver cancers are characterized by high morbidity and mortality owing to few effective drugs for its treatment. Wilfortrine has several pharmacological effects, including an inhibitory effect on liver cancer cell proliferation. However, whether wilfortrine can induce liver cancer cell apoptosis has not been elucidated. We investigated the role of wilfortrine on liver cancer cell HepG2 apoptosis and analyzed its possible mechanisms to provide a theoretical basis for clinical analysis of liver cancer pathogenesis. The liver cancer cell line HepG2 was treated with 40 mM wilfortrine for 48 h. Flow cytometry was applied to detect HepG2 cell apoptosis and cell cycle changes. Western blot was used to analyze Bcl-2 and Bax expression. The HepG2 cell apoptosis rate increased significantly after treatment with wilfortrine, especially the early apoptosis rate (P < 0.05). However, wilfortrine did not change the cell cycle of HepG2 cells. After wilfortrine treatment, Bcl-2 expression decreased significantly (P < 0.05); on the contrary, Bax expression increased noticeably compared with the control group (P < 0.05). Wilfortrine can induce liver cancer cell HepG2 apoptosis, but with no effect on the cell cycle, mainly by promoting Bax expression and inhibiting anti-apoptotic protein Bcl-2 expression.
INTRODUCTION
Tripterygium wilfordii, also known as daemonorops margaritae root, xanthate, graceful jessamine herb, or daemonorops margaritae grass, is bitter. T. wilfordii plants contain a variety of alkaloids, of which wilfortrine is a small bioactive molecule. Wilfortrine is extracted from the wooden lianas of the T. wilfordii genus belonging to the Celastraceae family (Caspi and Polak., 2013; Wu et al., 2014) . Wilfortrine has many pharmacological functions, including immunosuppression, that have significant inhibitory effects on hemolysin formation in mice. Intraperitoneal injection wilfortrine can inhibit graft-versus-host reaction. It can also inhibit delayed-type hypersensitivity and inhibit peripheral blood mononuclear cell proliferation reaction induced by phytohemagglutinin. Thus, wilfortrine can be used in the treatment of autoimmune diseases such as nephritis and rheumatoid arthritis (Cai et al., 2011; Xie et al., 2012; Ma et al., 2014) . Several studies have suggested that wilfortrine has anti-inflammatory effects, such as inhibiting interleukin and tumor necrosis factor expression, and can play a role in the treatment of inflammatory diseases (Zheng et al., 1989; Ouyang et al., 2007) .
Liver cancer is one of the common malignant tumors with the fifth highest rate of morbidity. It is a leading cause of death in patients with malignant tumors, ranking second after lung cancer (Cheong et al., 2014) . China accounts for 55% of the global liver cancer morbidity (Takada et al., 2014) . There are many treatment methods for liver cancer including surgery, radiotherapy, chemotherapy, immunotherapy, and interventional therapy. However, the efficacy of liver cancer treatment is poor with easy metastasis, high recurrence, and poor prognosis, resulting in short survival time and decreased quality of life. Thus, medical problems in liver carcinogenesis, development, diagnosis, treatment, and research need to be resolved urgently (Alsaied et al., 2014; Ling et al., 2014) . Since the current anti-liver cancer drugs are less effective, the search for effective anti-liver cancer drugs has increased significance. Some researchers have confirmed that drugs from T. wilfordii, such as triptolide, have inhibitory effects on liver cancer cell proliferation. As a T. wilfordii extract, wilfortrine also has an inhibitory effect on liver cancer cell proliferation, but whether it can induce liver cancer cell apoptosis has not been elucidated (Chan et al., 2001; Huang et al., 2012) . This study investigated the role of wilfortrine on liver cancer cell HepG2 apoptosis and analyzed its possible mechanisms to provide a theoretical basis for clinical analysis of liver cancer pathogenesis.
MATERIAL AND METHODS

Main instruments and reagents
HepG2 cell line was purchased from American Type Culture Collection (ATCC Cell Bank, USA). Dulbecco's modified Eagle's medium (DMEM), fetal bovine serum (FBS), EDTA, and penicillin-streptomycin were purchased from Hyclone (USA). Pancreatic enzyme EDTA digestive juice was purchased from Sigma (USA). Annexin-propidium iodide (PI) and cell cycle detection kits were purchased from Becton, Dickinson and Company (BD Company, USA). Polyvinylidene difluoride membrane was purchased from Pall Life Sciences (USA). Western blot-related chemical reagents were purchased from Beyotime Biotechnology Co., Ltd. (Shanghai, China). Enhanced chemiluminescence reagent was obtained from Amersham Biosciences (USA). Bcl-2 and Bax primary antibodies and horseradish peroxidase-tagged IgG secondary antibody were purchased from Cell Signaling (USA). Other common reagents were obtained from Sangon Biotechnology Co., Ltd. (Shanghai, China). A FACSCalibur flow cytometry instrument was purchased from Becton, Dickinson and Company. A cell incubator was purchased from Thermo Electric Company (Pennsylvania, USA). Wilfortrine was purchased from Tongwei Industrial Co., Ltd. (Shanghai, China).
HepG2 cell culture and grouping
The HepG2 liver cancer cell line was maintained in DMEM supplemented with 10% FBS and 100 U/mL penicillin-streptomycin in a humid atmosphere containing 5% CO 2 at 37°C. Wilfortrine (40 mM) was used to treat HepG2 liver cancer cells for 48 h.
Flow cytometry
After treatment with wilfortrine (48 h), cells were digested by trypsinization and washed with PBS. Flow cytometry was used to detect the apoptosis rate of HepG2 cells by determining the relative amount of annexin V-fluorescein isothiocyanate-positive/PI-negative cells.
Cell cycle analysis
All cells in the culture dish were harvested by trypsinization, washed in ice-cold PBS, and fixed in ice-cold 70% ethanol in PBS. Before staining, the cells from single-cell suspension were pelleted in a cooled centrifuge and resuspended at 4°C. Bovine pancreatic RNAase was added at a final concentration of 100 μg/mL, and cells were incubated at 37°C for 30 min, followed by incubation with 50 μg/mL PI for 1 h at 4°C. Cells (1 x 10 5 cells) were analyzed by flow cytometry.
Western blot
After treatment with wilfortrine (48 h), cells were harvested and homogenized with lysis buffer. Total protein was separated by denaturing 10% SDS-polyacrylamide gel electrophoresis. Detection was performed using a Bio-Rad Image Processing System (USA), and analysis was performed with the Quantity One software (Bio-Rad). Antibody dilutions were 1:500 for Bcl-2 and 1:5000 for Bax. Protein levels were normalized to actin.
Statistical analysis
Numerical data are reported as means and standard deviation (means ± SD). Differences between means and rates were analyzed using the Student t-test and the chi-square test, respectively. All statistical analyses were performed using the SPSS16.0 software (Chicago, IL, USA). P values <0.05 were considered to be statistically significant.
RESULTS
Effect of wilfortrine on HepG2 cell apoptosis
Flow cytometry was applied to detect the effect of wilfortrine on HepG2 cell apoptosis. The HepG2 cell apoptosis rate increased significantly after treatment with wilfortrine (P < 0.05). The difference mainly appeared in the early apoptosis stage (P < 0.05), while the difference in the late apoptosis stage was not significant (P > 0.05; Figure 1 ). These results indicate that wilfortrine can inhibit liver cancer cell proliferation by inducing cell apoptosis.
Effect of wilfortrine on HepG2 cell cycle
Flow cytometry was applied to detect the effect of wilfortrine on the HepG2 cell cycle. After treatment with wilfortrine for 48 h, the HepG2 cell cycle was retarded, but this was not significant (P > 0.05; Figure 2 ). This result indicates that wilfortrine fails to affect the HepG2 cell cycle. 
Effect of wilfortrine on apoptosis-related protein expression in HepG2 cells
Western blot was applied to analyze further the effect of wilfortrine on the expression of the apoptosis-related proteins Bcl-2 and Bax in HepG2 cells. It was found that, after treatment with wilfortrine, Bcl-2 expression decreased significantly compared with the control (P < 0.05; Figure 3) ; on the contrary, Bax expression increased significantly (P < 0.05; Figure 4) . These results suggest that wilfortrine could induce HepG2 cell apoptosis by inhibiting Bcl-2 and promoting Bax expression. 
DISCUSSION
Apoptosis plays an important role in the regulation of liver carcinogenesis and development and, thus, draws large attention in liver cancer investigation (Song et al., 2014) . The anti-apoptotic mechanism of liver cancer cells is closely related to Bcl-2 overexpression and Bax inhibition (Fu et al., 2011) . Apoptosis is a regulatory process of self-stabilization of the body that can inhibit tumor overgrowth. Overexpression of Bcl-2 can prevent damaged cells from undergoing apoptosis and lead to liver cancer progression, which is associated with the related proliferative and growth inhibition genes. For the inhibition effect of overexpressed Bcl-2 on apoptosis, it is considered that Bcl-2 can block the nuclear transportation, leading to reduced intracellular calcium ion concentration and antioxidant damage. As a result, the balance between cell proliferation and apoptosis is disturbed, resulting in carcinogenesis and liver cancer (Ke et al., 2014; Sabokrouh et al., 2014) . Bax overexpression may promote cell apoptosis. Overexpression of Bax can initiate an apoptosis signal or inhibit Bcl-2 expression. Bax either initiated apoptosis signal by increasing expression or inhibited the expression of Bcl-2 protein as important inhibitors. The function depends on which one was the dominant, if it were Bax protein or Bax protein Dimer, inducing cell will end up in apoptosis; if it were Bcl-2 protein or Bcl-2 protein Dimer, apoptosis is inhibited. An imbalance in Bax and Bcl-2 protein expression results in abnormal cell expression (Leuenroth and Crews, 2008; Rich et al., 2014) .
Previous studies have confirmed that wilfortrine, an extract from T. wilfordii, can inhibit liver cancer cell proliferation. However, its specific mechanism is still not clarified (Ji et al., 2002; Xiao et al., 2002; Leuenroth et al., 2007) . Our study confirmed that wilfortrine could induce HepG2 cell apoptosis, especially in the early apoptosis stage. This suggested that wilfortrine could inhibit liver cancer cell proliferation through inducing cell apoptosis in the early stage. Although wilfortrine showed slight inhibition of the cell cycle, this was not significant compared with the control. Therefore, wilfortrine does not have an effect on HepG2 cell cycle. Further investigation confirmed that wilfortrine could induce HepG2 cell apoptosis by inhibiting Bcl-2 expression and promoting Bax expression.
In conclusion, wilfortrine can induce liver cancer HepG2 cell apoptosis, mainly by promoting expression of the apoptotic protein Bax and inhibiting expression of the anti-apoptotic protein Bcl-2, but not by regulating the cell cycle. Since wilfortrine is a commonly used Chinese herbal medicine with an easy extraction method, the in-depth study of its mechanism is helpful for its clinical application. On the other hand, since effective chemotherapy drugs for liver cancer are still lacking, investigation of wilfortrine function may provide new alternatives for clinical treatment of liver cancer.
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